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Anthrax and enterotoxemia are two important cattle diseases
worldwide.1,2 The pathogens of these diseases, Bacillus anthracis and
Clostridium perfringens, are notoriously linked to bioterrorism and
food poisoning, respectively.3,4 In August 2012, the Chinese
healthcare system was alerted to a suspected anthrax outbreak.
The outbreak started with reports of sudden cattle deaths on August
2 in the village of Mamajie in Liaozhong County, Liaoning Province in
north-eastern China. The occurrence of the cattle deaths was
followed by seven cases of cutaneous anthrax among villagers who
had a history of contact with the cattle carcasses. Thus the outbreak
was soon established as anthrax by the local center for animal
disease control and prevention. On August 4, multiple strategies
against anthrax, including village quarantine, emergency immuni-
zation, proper carcass disposal, improved feed management, and
extensive disinfection, were applied to the village. However, a total
of 189 beef cattle still died within 2 weeks; this was the most severe
livestock disease outbreak in China in recent years.
While anthrax was initially accepted as the cause of this outbreak,
clinical investigations suggested the existence of other infectious
diseases as well. Most of the dead animals had displayed no
symptoms of sickness prior to death but had nasal or anal bleeding
after sudden death, and some apparently sick animals had diarrhea. A
serological survey of 123 serum samples collected from the herds in
which deaths had occurred found no antibody against B. anthracis
capsular antigen. Blood samples were collected from the nasal
cavities of two cattle immediately after sudden death for laboratory
testing. Both blood smears under microscopy showed an extremely
high number of rod-shaped bacteria. Bacterial isolation and
subsequent biochemical characterization using the API 20NE system
identiﬁed the bacteria as C. perfringens. Partial sequence analysis of
the 16s rRNA gene and the existence of only a-toxin by PCR detection
of all ﬁve possible toxin genes, further identiﬁed the bacteria as type
A.5 The laboratory results thus strongly suggested the presence of
enterotoxemia, which could explain the widely found non-anthrax
clinical symptoms. Of note, virulent B. anthracis was also detected in
one blood sample by positive PCR detection of its three virulence
genes – edema factor, lethal factor, and protective antigen.6
The village of Mamajie and villages nearby have no reported
history of anthrax or enterotoxemia. A retrospective study suggested
that a ﬂood, resulting from continuous heavy rains that had started in
the middle of July, was the major risk factor associated with this
particular outbreak. During the ﬂood, submerged haystacks – the
food source for the cattle – might have provided an anaerobic
environment for the growth of C. perfringens, while the anthrax1201-9712       2013 The Authors. Published by Elsevier Ltd on behalf of International So
http://dx.doi.org/10.1016/j.ijid.2013.11.003spores might have been ﬂushed out of the soil by the rain. To our
knowledge, this is the ﬁrst report of an anthrax and enterotoxemia
co-outbreak, yet the distinct role of each disease remains unclear.
We surmise that this unusual outbreak might have been the
result of a synergistic effect of the two diseases. The causative
agents of these diseases have different tropisms in terms of oxygen
utilization. In cases of co-infection, we hypothesize that depletion
of oxygen by aerobic B. anthracis might in turn boost the
propagation of anaerobic C. perfringens. Importantly, the combined
measures applied here proved effective for the control of this co-
outbreak and no sudden cattle deaths were reported after August
15. Overall, this report suggests the importance of mixed outbreaks
of infectious diseases in post-ﬂood animal epidemics.
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